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[Document Name] SPECIFICATION 

[Title of the Invention] ELECTRIC POWER GENERATING ELEMENT 
FOR FUEL CELL AND METHOD FOR MANUFACTLIRING THE SAME 
[Claims] 

[Claim l] An electric power generating element for a fuel cell 
comprising" 

a positive electrode for reducing oxygen; 

a negative electrode for oxidizing a fuel; and 

a solid electrolyte provided between the positive electrode and tlie 
negative electrode; 

wherein at least the negative electrode comprises a laminate of at 
least two electrode layers containing a catalyst, 

each of the electrode layers has a thickness of at most 50 jim, and 

an adbesive layer is disposed between the electrode layers- 

[Claim 2] The electric power generating element for a fuel cell 
according to claim 1, wherein the positive electrode comprises a laminate of 
at least two electrode layers containing a catalyst, each of the electrode 
layers has a thickness of at most 50 jim, and an adhesive layer is disposed 
between the electrode layers. 

[Claim 3] The electric power generatiag element for a fuel ceU 
according to claim 1 or 2, wherein the adhesive layer contains a polymer 
material having a proton conducting property. 

[Claim 4] The electric power generating element for a fuel cell 
according to claim 3, wherein each of the electrode layers contains a polymer 
material similar to the polymer material contained in the adbesive layer. 

[Claim 5] The electric power generating element for a fuel cell 
according to any one of claims 1 to 4, wherein the catalyst contained in each 
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of the electrode layers lias a mass per unit electrode area of 0.3 to 3 mg/ cm^. 

[Claim 6] The electric power generating element for a fuel cell 
according to any one of claims 1 to 5, wherein the adhesive layer has a 
thickness of 1 to 5 p.m. 

[Claim 7] The electric power generating element for a fuel cell 
according to any one of claims 1 to 6, wherein the laminate has a total 
thickness of 30 to 300 pm. 

[Claim 8] A method for manufacturing the electric power generating 
element for a fuel cell according to any one of claims 1 to 7 comprising^ 

a fixst process of disposing an adhesive layer on a releasable 
substrate; 

a second process of disposing an electrode layer containing a catalyst 
and having a thickness of 50 jim or less on the adhesive layer; 

a third process of bringing the electrode layer and a sohd electrolyte 
into contact with each other; 

a fourth process of making the electrode layer and the soKd 
electrolyte adhere to each other by compressing while heating; 

a fifth process of peeling off the releasable substrate so as to expose 
the adhesive layer; 

a sixth process of disposing another electrode layer containing a 
catalyst and having a thickness of 50 fim or less on the exposed adhesive 
layer; and 

a seventh process of making those adhesive layer and electrode layer 
adhere to each other by compressing while heating, 

[Claim 9] The method for manufacturing the electric power 
generating element for a fuel cell according to claim 8 comprising one or 
more further processes of disposing on the exposed adhesive layer a second 
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electrode layer formed separately by the first and second processes, mating 
these adhesive layer and second electrode layer adhere to each other by 
compressing while heating, and then peeUng off the releasable substrate so 
as to expose the adhesive layer, between the fifth process and the sixth 
process. 

[Claim 10] The method for manufacturing the electric power 
generating element for a fuel cell according to any one of claims 1 to 7 
comprising: 

a first process of disposing an electrode layer containing a catalyst 
and having a thickness of 50 |Jim or less on a releasable substrate; 

a second process of bringing the electrode layer and a solid 
electroljrte into contact with each other; 

a third process of making the electrode layer and the solid 
electrolyte adhere to each other by compressing while heating; 

a fourth process of peeling off the releasable substrate so as to 
expose the electrode layer; 

a fifth process of disposing an adhesive layer on the exposed 
electrode layer; 

a sixth process of disposing another electrode layer containing a 
catalyst and having a thickness of 50 jjun or less on the adhesive layer; and 

a seventh process of making those adhesive layer and electrode layer 
adhere to each other by compressing while heating. 

[Claim 11] The method for manufacturing the electric power 
generating element for a fuel ceU according to claim 10 comprising one or 
more further processes of disposing on the adhesive layer a second electrode 
layer formed separately by the first process, making these adhesive layer 
and second electrode layer adhere to each other by compressing while 
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heating, peeling off the releasable substrate so as to expose the second 
electrode layer, and then disposing further an adhesive layer on the exposed 
second electrode layer, between the fifth process and the sixth process. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to an electric power generating 
element for a fuel cell and a method for manufacturing the same. 
[0002] 
[Prior Art] 

In recent years, along with the widespread use of cordless 
equipment such as personal computers and cellular phones, a smaller and 
higher-capacity secondary battery serving as a power source thereof has 
been much in demand. At present, as a secondary battery that has a high 
energy density and can be reduced in size and weight, a lithium ion 
secondary battery is being commercialized. The demand therefor as a 
portable power source is increasing. However, depending on the kinds of 
cordless equipment to be used, this lithium secondary battery has not yet 
been able to guarantee sufficient hours of continuous use. 

[0003] 

Under such circumstances, as a battery capable of satisfying the 
above— described demand, a polymer electrolyte fuel ceU using a solid 
polymer electrolyte as its electrolyte, oxygen in the air as its positive active 
material and a fuel such as hydrogen or methanol as its negative active 
material has attracted attention because it is expected to achieve a higher 
energy density than the lithium ion secondary battery. In particular, a 
direct methanol fuel cell that directly utilizes methanol, which is a liquid 
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fuel, for battery reaction can be miniatuiized because there is no need to use 
a blower for supplying the air to a ceU main body or a pump for supplying 
fuel thereto. Accordingly, the direct methanol fuel cell holds a great 
promise as a future portable power source (see, for example, PATENT 
DOCUMENT 1). 
[0004] 

Further, technical documents related to the invention of the present 
appHcation include the foUowing PATENT DOCUMENTS 2 to 5. 
[0005] 

[PATENT DOCUMENT l] 
JP 2000-268836 A 
[0006] 

[PATENT DOCUMENT 2] 
JP 2002-184415 A 
[0007] 

[PATENT DOCUMENT 3] 
JP 10(1998)-189004A 
[0008] 

[PATENT DOCUMENT 4] 
JP ll(l999)-288727 A 
[0009] 

[PATENT DOCUMENT 5] 
JP 2002-15743 A 
[0010] 

[Problems to be Solved by the Invention] 
However, since the direct methanol fuel cell has a very slow 
methanol oxidation speed in the negative electrode, it is necessary to 



5 



increase the amount of negative electrode catalyst and expand the surface 
area for reaction for compensating this slow speed. Also, when a 
proton-conducting solid polymer film or the hte is used as the soHd polymer 
electrolyte, there occurs a crossover phenomenon ia which the liquid fuel 
such as methanol passes through an electrolyte film to the side of the 
positive electrode. When this phenomenon occurs, a direct reaction 
between methanol and oxygen (combustion) occurs on the positive electrode 
catalyst, thus reducing the surface area of catalyst that is used for reduction 
of oxygen in the positive electrode, which essentially is a battery reaction. 
In order to compensate for this loss, it is necessary to increase the amount of 
positive electrode catalyst as ia the case of negative electrode. If the 
problem of crossover is solved in the future, the amount of positive electrode 
catalyst should be reduced, however, it is still difficult at present, A 
required amount of platinum catalyst is generally about 0.3 to 0.5 mg/cm^ 
for both the positive and negative electrodes at present when hydrogen is 
used as a fuel. Under the present situation, a required amount of plattnxim 
catalyst is 5 to 15 mg/cm^ when methanol is used as a fuel. 
[0011] 

In order to increase the catalyst amount in an electrode layer, it is 
essential to thicken the electrode layer. Also, in the electrode layer of the 
fuel ceU, what is at least equally as important as this thickening is that the 
fuel and oxygen can distribute excellently and move through the electrode 
layer. For this purpose, the electrode layer needs to have a relatively 
uniform porous structure and be structurally free of flaws such as cracks 
(hereinafter, referred to as a structural flawlessness). 

[0012] 

However, when the thickening is attempted by a method of applying 
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the electrode layer to a substrate for increasing the catalyst amount, the 
surface of the applied electrode layer dries faster than the inner part thereof. 
Therefore, large cracks are made easily on the surface of the electrode layer, 
and in some cases, the electrode layer even peels off or falls off from the 
electrode substrate. These phenomena impair the porous structure and the 
structural flawlessness necessary for the electrode layer, resulting in an 
adverse effect on cell characteristics. As one solution for this problem, 
PATENT DOCUMENT 2 has suggested that a porous electrode substrate be 
used to accelerate a drying process, thereby suppressing the generation of 
cracks. However, it is still diEELcult to respond to the thickening of the 
electrode layer up to about 30 to 300 yun necessary for the direct methanol 
fuel cell. 

[0013] 

The present invention provides an electric power generating element 
for fuel cell that can both thicken an electrode layer and achieve a porous 
structure and a structural flawlessness of the electrode layer. 

[0014] 

[Means for Solving the Problems] 

The present invention provides an electric power generating element 
for a fuel cell iacluding- a positive electrode for reducing oxygen; a negative 
electrode for oxidizing a fuel; and a soUd electrolyte provided between the 
positive electrode and the negative electrode, wherein at least the negative 
electrode comprises a laminate of at least two electrode layers containing a 
catalyst, each of the electrode layers has a thickness of at most 50 jim, and 
an adhesive layer is disposed between the electrode layers. 

[0015] 

Furthermore, the present invention provides a method for 
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manufacturing the electric power generating element for a fuel cell 
including: a first process of disposing an adhesive layer on a releasable 
substrate; a second process of disposing an electrode layer containing a 
catalyst and having a thickness of 50 ^im or less on the adhesive layer; a 
third process of bringing the electrode layer and a soKd electrolyte into 
contact with each other; a fourth process of making the electrode layer and 
the solid electrolyte adhere to each other by compressing while heating; a 
fifth process of peeling off the releasable substrate so as to expose the 
adhesive layer; a sixth process of disposing another electrode layer 
containing a catalyst and having a thickness of 50 inn. or less on the exposed 
adhesive layer; and a seventh process of making those adhesive layer and 
electrode layer adhere to each other by compressing while heating, 
[0016] 

Moreover, the present invention provides a method for 
manufacturing the electric power generating element for a fuel cell 
including: a first process of disposing an electrode layer containing a 
catalyst and having a thickness of 50 |Lim or less on a releasable substrate; a 
second process of bringing the electrode layer and a sohd electrolyte into 
contact with each other; a third process of making the electrode layer and 
the sohd electrolyte adhere to each other by compressing while heating; a 
fourth process of peehng off the releasable substrate so as to expose the 
electrode layer; a fifth process of disposing an adhesive layer on the exposed 
electrode layer; a sixth process of disposing another electrode layer 
containing a catalyst and having a thickness of 50 iLim or less on the 
adhesive layer; and a seventh process of making those adhesive layer and 
electrode layer adhere to each other by compressing while heating. 

[00171 



8 



[Modes for Carrying Out the Invention] 

The following is a description of embodiments of the present 
invention- 
Loo 18] 

First, an embodiment of an electric power generating element for a 
fuel cell according to the present invention will be described. The electric 
power generating element for a fuel ceU in tibie present embodiment includes 
a positive electrode for reducing oxygen, a negative electrode for oxidizing a 
fuel and a solid electrolyte provided between the positive electrode and the 
negative electrode. At least the negative electrode includes a laminate of 
two or more electrode layers containing a catalyst. Each of the electrode 
layers has a thickness of 50 [am or less, preferably 45 |Lim or less and more 
preferably 40 |Lim or less. An adhesive layer is disposed between these 
electrode layers. In order not to increase too much the number of the 
electrode layers to be laminated, the lower limit of the thickness of each 
electrode layer preferably is 10 iJim or more, and more preferably is 30 nm or 
more. Further, in terms of the crossover phenomenon described above, it is 
desired that not only the negative electrode but also the positive electrode 
should include a laminate similar to the one described above. Moreover, 
the electrode layer and the adhesive layer both have a proton conducting 
property and an electron conducting property. 

[0019] 

This makes it possible to laminate the electrode layers while keeping 
the thickness of each electrode layer within the range capable of 
maintaining the porous structure and the structural flawlessness. Thus, 
even when the total thickness of the electrode layers is increased to contain 
more catalyst, the porous structure and the structural flawlessness of the 
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entire electrode are not lost. The thickness in the range not greater than 
50 [xm allows each electrode layer to maintain its porous structvire and 
structural flawlessness reHably, though it varies depending on materials 
contained in the electrode layer. Furthermore, the adhesive layer disposed 
between the electrode layers joins these electrode layers while keeping the 
proton conducting property and the electron conducting property. The 
formation of the lairdnate would be difficult without this adhesive layer. 
[0020] 

Incidentally, although PATENT DOCUMENT 3, PATENT 
DOCUMENT 4, and PATENT DOCUMENT 5 mentioned earher also 
describe an electrode having a layered structure, none of them aims to 
thicken the electrode. Also, they adopt a technique of forming the layered 
structure by repeated applications and have a Mmitation in thickening the 
electrode. 

[0021] 

Next, an embodiment of a method for manufacturing an electric 
power generating element for a fuel cell according to the present invention 
will be described. The present embodiment includes a first process of 
disposing an adhesive layer on a releasable substrate, a second process of 
disposing an electrode layer containing a catalyst and having a thickness of 
50 urn or less on the adhesive layer, a third process of bringing the electrode 
layer and a sohd electrolyte into contact with each other, a fourth process of 
making the electrode layer and the solid electrolyte adhere to each other by 
compressing while heating, a fifth process of peeling off the releasable 
substrate so as to expose the adhesive layer, a sixth process of disposing 
another electrode layer containing a catalyst and having a thickness of 50 
|am or less on the exposed adhesive layer, and a seventh process of ma kin g 
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those adhesive layer and electrode layer adhere to each other by 
compressing while heating. 
[0022] 

Moreover, the present embodLment also can form a l ami nate of three 
or more layers by including one or more further processes of disposing on 
the exposed adhesive layer a second electrode layer formed separately by 
the above-described first and second processes, making these adhesive layer 
and second electrode layer adhere to each other by compressing while 
heating, and then peeling off the releasable substrate so as to expose the 
adhesive layer, between the above-described fifth and sixth processes. 

[0023] 

Another embodiment of the method for manufacturing an electric 
power generating element for a fuel cell according to the present invention 
includes a first process of disposing an electrode layer cont ainin g a catalyst 
and having a thickness of 50 ^xm or less on a releasable substrate, a second 
process of bringing the electrode layer and a sohd electrolyte into contact 
with each other, a third process of making the electrode layer and the sohd 
electrolsrte adhere to each other by compressing while heating, a fourth 
process of peeling off the above-mentioned releasable substrate so as to 
expose the electrode layer, a fifth process of disposing an adhesive layer on 
the exposed electrode layer, a sixth process of disposing another electrode 
layer containing a catalyst and having a thickness of 50 [om or less on the 
adhesive layer, and a seventh process of making those adhesive layer and 
electrode layer adhere to each other by compressing while heating, 
[0024] 

Moreover, the present embodiment also can form a lami n ate of three 
or more layers by including one or more further processes of disposing on 
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the adhesive layer a second electrode layer formed separately by the 
above-described first process, making these adhesive layer and second 
electrode layer adhere to each other by compressing while heating, peeling 
off the releasable substrate so as to expose the second electrode layer, and 
then disposing further an adhesive layer on the exposed second electrode 
layer, between the above-described fifth and sixth processes. 
[0025] 

With the above-described manufactttring method, it is possible to 
laminate the electrode layers while keeping the thickness of each electrode 
layer within the range capable of maintaining the porous structure and the 
structural flawlessness. Thus, even when the total thickness of the 
electrode layers is increased to contain more catalyst, an electric power 
generating element for a fuel cell can be manufactured without losing the 
porous structure and the structural flawlessness of the entire electrode. In 
other words, the manufacturing method of the present embodiment can 
form an electrode laminate simply by transferring electrode layers having a 
porous structure and a structural flawlessness sequentially onto a sohd 
electrolyte. 

[0026] 

The following is a description of an electric power generating 
element for a fuel ceU according to the present invention, with reference to 
the accompanying drawings. FIG. 1 shows a schematic cross-section of an 
example of the electric power generating element for a fuel cell according to 
the present invention. In FIG, 1, this electric power generating element for 
a fuel cell includes a positive electrode 1 for reducing oxygen, a negative 
electrode 3 for oxidizing a fuel and a sohd polymer electrolyte film 2 
provided between the positive electrode 1 and the negative electrode 3. The 
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positive electrode 1 is formed by laminating a positive electrode layer la, an 
adhesive layer 4 and a positive electrode layer lb in this order. Similarly to 
the positive electrode 1, the negative electrode 3 is formed by laminating a 
negative electrode layer 3a, an adhesive layer 4 and a negative electrode 
layer 3b in this order. 
[0027] 

FIG. 2 shows a schematic cross-section of another example of the 
electric power generating element for a fuel cell according to the present 
invention. In FIG. 2, this electric power generating element for a fuel cell 
includes a positive electrode 1 for reducing oxygen, a negative electrode 3 for 
oxidizing a fuel and a soHd polymer electrolyte fQm 2 provided between the 
positive electrode 1 and the negative electrode 3. The positive electrode 1 is 
formed by laminating a positive electrode layer la, an adhesive layer 4, a 
positive electrode layer lb, an adhesive layer 4 and a positive electrode layer 
Ic in this order. Similarly to the positive electrode 1, the negative electrode 
3 is formed by laminating a negative electrode layer 3a, an adhesive layer 4, 
a negative electrode layer 3b, an adhesive layer 4 and a negative electrode 
layer 3c in this order. 

[0028] 

The adhesive layer 4 can be made of an adhesive material having a 
proton conducting property alone or having both a proton conducting 
property and an electron conducting property. In the case of using an 
adhesive material having a proton conducting property alone for the 
adhesive layer, it eventually is necessary to provide this adhesive layer with 
an electron conducting property as well by another method such as diffusing 
an electrically conductive material contained in the electrode layer into the 
adhesive layer as described later. 
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[0029] 

The adhesive material having a proton conducting property alone 
can be a proton-conducting polymer material or a mixed material o£ a 
highly-adhesive polymer material and a proton-conducting polymer 
material. Examples of the proton-conducting polymer material include a 
polyp erfluorosulfonic acid resin, a sulfonated poly ether sulfonic acid resin, a 
sulfonated polyimide resin, a styrene-divinylbenzenesulfonic acLd resin and 
the Kke, The highly— adhesive polymer material to be mixed with this 
proton-conducting polymer material can be, for example, polystyrene, 
polyacrylonitrile, polyethylene terephthalate (PET) or polyvinyl acetate. 

[0030] 

The adhesive material having both a proton conducting property and 
an electron conducting property can be a polymer material having a proton 
conducting property and an electron conducting property or a mixed 
material of an electron-conducting polymer material and the 
above-mentioned proton— conducting polymer material. Examples of the 
polymer material having a proton conducting property and an electron 
conducting property include (alkyl)sxdfonated polyaniline, (alkyl)sulfonated 
polypyrrole, (alkyl)suLfonated polythiophene, (alkyDsuHonated 
poly-p-phenylene, (alkyl) sulfonated polyfuran and the lil^e. The 
electron-conducting polymer material can be, for example, polyaniline, alkyl 
polyaniline, alkyl polypyirrole, alkyl polythiophene, alkyl polyp -phenylene 
or alkyl polyfuran. 

[0031] 

The negative electrode layers 3a to 3c can be formed of a catalyst, an 
electrically conductive material and a polymer material. The catalyst 
contained in this negative electrode layers can be a catalyst having a 
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function of generating protons from a fuel, iu other words, a function of 
electrocliemically oxidiziag the fuel. For example, fine particles of 
platinum alone or fine particles of an alloy of platinum and ruthenium, 
indium, iridium, tin, iron, titanium, gold, silver, chromium, silicon, zinc, 
manganese, molybdenum, tungsten, rhenium, aluminum, lead, palladium or 
osmium can be used. The electrically conductive material mainly can be a 
carbon material, for example, carbon black, activated carbon, carbon 
nanotube, carbon nanohom or the hke. In general, the catalyst and the 
electrically conductive material are used as a catalyst carrying carbon in 
which the catalyst is dispersed in and carried by the sujfface of the 
electrically conductive material. 
[0032] 

As the polymer material contained in the negative electrode layers 
3a to 3c, a material having a proton conducting property alone or a material 
having both a proton conducting property and an electron conducting 
property can be used. Such a material preferably is a polymer material 
similar to the polymer material used for the adhesive layer 4 so that a 
contact resistance (an interface resistance) can be reduced between the 
adhesive layer and the electrode layer. 

[0033] 

Furthermore, the negative electrode layers 3a to 3c sometimes can 
contain a polytetrafluor ©ethylene CPTFE) resiu, a polyviayhdene fluoride 
CPVDF) resin or a polyethylene (PE) resin as a binder. 

[0034] 

The positive electrode layers la to Ic also can be formed of a catalyst, 
an electrically conductive material and a polymer material. The catalyst 
contained in these positive electrode layers can be a catalyst having a 
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function o£ electrocheinically reducing the oxygen. For example, platinum 
fine particles or fine particles of an alloy of platinum and iron, nickel, cobalt, 
tin, ruthenium or gold. The electrically conductive material, the polymer 
material and the binder can be similar to those for the negative electrode. 
[0035] 

The sohd polymer electrolyte film 2 disposed between the positive 
electrode 1 and the negative electrode 3 can be formed of a material having 
a proton conducting property alone and no electron conducting property. 
For example, a polyp erfluorosulfonic acid resin film, more specifically, 
"Nafion" (trade name) manufactured by DuPont. Co., ''Flemion'' (trade 
name) manufactured by ASAHI GLASS CO,, LTD. or ""AdLplex" (trade name) 
manufactured by Asahi Kasei Corporation can be used. Other than the 
above, it also may be possible to use a sulfonated poly ether sulfonic acid fi lm, 
a sulfonated polyimide resin film, a sulfuric acid-doped polybenzimidazole 
film, a phosphoric acid— doped Si02 film known as a solid electrolyte, a 
hybrid film of a polymer and a solid electrolyte, or a gel electrolyte film 
obtained by impregnating a polymer and an oxide with an acid solution. 

[0036] 

Now, a first embodiment of the method for manufacturing an electric 
power generating element for a fuel cell according to the present invention 
will be described. First, in the present embodiment, an electrode paste 
used for forming the electrode layers is prepared. This electrode paste is 
prepared by dissolving and dispersing the catalyst, the electrically 
conductive material and the polymer material, and further the binder as 
necessary, into a solvent containing a lower alcohol such as ethanol or 
propanol as a principal component, followed by stirring sufficiently. 

[0037] 
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In a separate process, tlie releasable substrate whose surface is 
provided with the adhesive layer is prepared. This releasable substrate 
can be, for example, a PTFE film, a PET film, a polyimide film, a 
PTFE-coated polyimide film, a PTFE-coated silicon sheet or a PTFE-coated 
glass cloth. It is preferable that the adhesive layer provided on this 
releasable substrate has a thickness ranging from 1 to 5 |Lun* The reason is 
that, within this range, it is possible to produce a suflELcient fimction as the 
adhesive layer, allowing an excellent layer transfer of the electrode layer, 
and it is easier for the electrically conductive material contained in the 
electrode layer described later to be diffused into the adhesive layer, so that 
an electron resistance does not rise, allowing a reduction in a diffusion 
resistance of oxygen and fiieL 

[0038] 

The adhesive material used for the adhesive layer can be either the 
adhesive material having a proton conducting property alone or the 
adhesive material having both a proton conducting property and an electron 
conducting property described above. 

[0039] 

Next, on the adhesive layer provided on this releasable substrate, 
the above-described electrode paste is apphed and dried, thereby forming 
the electrode layer. The restdtant electrode layer has a thickness of 10 to 
50 iJirn, which is the range capable of keeping a certain amount of catalyst 
without losing the porous structure and the structural flawlessness of the 
electrode layer. It is preferable that the amount of catalyst contained in 
the electrode layer (the mass per unit area of the electrode) ranges firom 0.3 
to 3 mg/cm^. This is because, within this range, a necessary amount of 
catalyst can be secured without increasing the number of total electrode 
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layers, 

[0040] 

Thereafter, the electrode layer formed on the releasable substrate 
via the adhesive layer is cut together with the releasable substrate into a 
predetermined size and overlaid on both surfaces of the solid polymer 
electrolyte film such that the electrode layer side faces the sohd polymer 
electrolyte film, thus transferring and joining the electrode layer onto the 
solid polymer electrolyte film by hot pressing or hot roller pressing. 
Subsequently, the releasable substrate is peeled off, thus obtaining an 
electric power generating element precursor by the first transfer. 

[0041] 

Then, the electrode layer produced similarly to the above is overlaid 
on the adhesive layers exposed on both surfaces of the electric power 
generating element precursor, followed by the second hot pressing or hot 
roller pressing. In this manner, the electrode layer can be transferred and 
joined to the electric power generating element precursor similarly to the 
above. In this obtained electric power generating element precursor, since 
the electrode layer and the adhesive layer intermix in their joint portion, it 
is possible to provide also the adhesive layer with an electron conducting 
property by the diffusion of the electrically conductive material contained in 
the electrode layer even when using the material having a proton 
conducting property alone for the adhesive layer. Thus, in the present 
embodiment, it is appropriate that the polymer material used for the 
adhesive layer has at least a proton conducting property and need not have 
an electron conducting property. 

[0042] 

After repeating these operations several times, finally, the releasable 
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substrate on which the electrode layer alone is formed is transferred and 
joined, thereby producing an electric power generating element for a fuel 
cell that both thickens electrodes and achieves the porous structure and the 
structural flawlessness, 
[0043] 

Each of the final positive and negative electrodes of the 
above-described electric power generating element for a fuel cell preferably 
has a total thickness ranging from 30 to 300 \xm. The thickness within this 
range can secure the amount of catalyst necessary for obtaining sufficient 
cell characteristics and causes no problem in the diffusion of oxygen and 
fuel. 

[0044] 

Now, a second embodiment of the method for manufacturing an 
electric power generating element for a fiiel cell according to the present 
invention will be described. In the present embodiment, the electrode 
paste used for forming the electrode layer also is prepared similarly to the 
above embodiment. Next, on the releasable substrate similar to the above, 
the electrode paste alone is apphed and dried, thereby forming the electrode 
layer. The resultant electrode layer has a thickness of 10 to 50 ^im, which 
is the range capable of keeping a certain amount of catalyst without losing 
the porous structure and the structural flawlessness of the electrode layer. 
The amount of catalyst contained in the electrode layer (the mass per unit 
area of the electrode) is set to range from 0.3 to 3 mg/cm^ as in the above 
embodiment. 

[0045] 

Thereafter, the electrode layer formed on the releasable substrate is 
cut together with the releasable substrate into a predetermined size and 



19 



overlaid on both, surfaces of the solid polymer electrolyte film such, that the 
electrode layer side faces the solid polymer electrolyte fQm, thus 
transferring and joining the electrode layer onto the sohd polymer 
electrolyte film by hot pressing or hot roller pressing. Subsequently, the 
releasable substrate is peeled off^ thus obtaining an electric power 
generating element precursor by the JBLrst transfer. 
[0046] 

Then, the electrode layer produced similarly to the above is overlaid 
on both surfaces of the electric power generating element precursor, followed 
by the second hot pressing or hot roller pressing. At this time, a thin film 
including a separately prepared electrode and an adhesive layer with the 
same size is disposed between the electric power generating element 
precursor and the electrode layer. In this manner, this thin film serves as 
an adhesive layer, so that the electrode layer can be transferred and joined 
to the electric power generating element precursor. In this obtained 
electric power generating element precursor, since the electrode layer and 
the adhesive layer sometimes are difELctdt to intermix in their joint portion, 
it is desired in the present embodiment that the polymer material used for 
the adhesive layer has both a proton conducting property and an electron 
conducting property. 

[0047] 

It is preferable that the above-mentioned thin film of the adhesive 
layer has a thickness ranging from 1 to 5 pm. The reason is that, within 
this range, it is possible to produce a sufficient function as the adhesive 
layer, allowing an excellent layer transfer of the electrode layer, and an 
electron resistance does not rise, allowing a reduction in a dif&ision 
resistance of oxygen and fuel. 
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[0048] 

After repeating these operations several times, an electric power 
generating element for a fuel cell that both thickens electrodes and achieves 
the porous structure and the structural flawlessness is produced. 

[0049] 

Each of the final electrodes of the above-described electric power 
generating element for a fuel cell preferably has a total thickness ranging 
from 30 to 300 )jm. 

[0050] 

Although the embodiments of the present invention have been 
discussed in the above description, the present invention is not limited to 
the above embodiments, 

[0051] 

[Examples] 

In the following, the present invention will be described by way of 
examples. 

[0052] 

(Example l) 

An electric power generating element for a fuel cell with a structure 
similar to that shown in FIG. 1 was produced by the following procedure. 
[0053] 

For a positive electrode, 1 part by mass of platinum carrying carbon 
"10E50E" (trade name) manufactured by Tanaka Kikinzoku Kogyo KK. in 
which 50% by mass of platinum was carried as a catalyst was added to 12 
parts by mass of a solution of "Nafion'' (trade name, EW = lOOO) 
manufactured by Aldrich, Inc., which was a 5% by mass solution of a 
polyperfluorosulfonic acid resin, and 1 part by mass of water. Then, the 
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mixed solution was stirred sufficiently to allow uniform dispersion, thereby- 
preparing an electrode paste. Incidentally, the above— noted EW indicates 
the equivalent mass of an ion exchange group having a proton conducting 
property (in the present example, a sulfonic acid group). The equivalent 
mass is a dry mass of an ion exchange resin per equivalent mass of the ion 
exchange group and expressed by the unit "g/ew." 
[00541 

Next, a PTFE fihn whose surface was provided with an adhesive 
layer by applying the above-mentioned "Nafion" solution in a thickness of 5 
|jm was prepared. On this adhesive layer, the above-described electrode 
paste was appHed and dried, thus obtaining an electrode layer having a 
catalyst carrying amount of 1.0 mg/cm^ and a thickness of 35 |Lun. This 
electrode layer was cut into a predetermined size, thus obtaining a positive 
electrode layer Al , 

[0055] 

For a negative electrode, an electrode layer having a catalyst 
carrying amount of 1.0 mg/cm^ and a thickness of 40 jim was obtained in a 
manner similar to that for the positive electrode described above except that 
platinum-ruthenium alloy carrying carbon "61V33'' (trade name) 
manufactured by Tanaka Kikinzoku Kogyo K.K in which 33% by mass of an 
alloy of platinum and ruthenium (mass ratio of the alloy was 1 - l) was 
carried was used as the catalyst. This electrode layer was cut into a 
predetermined size in a manner similar to that for the positive electrode, 
thus obtaining a negative electrode layer Bl, 

[0056] 

For a solid polymer electrolyte film (hereinafter, referred to as an 
electrolyte fOm), a poljrperfluorosulfonic acid resin film "Nafion 112" (trade 



22 



name) man-ufactured by DuPont. Co. was cut into a predetermined size and 
used. 

[0057] 

The positive electrode layer Al and the negative electrode layer Bl 
that had been produced were overlaid on both surfaces o£ this electrolyte 
filTn such that the electrode side faced the electrolyte film, and hot-pressed 
at 160^C at 4A MPa so as to join them. Thereafter, the PTFE films on both 
surfaces were peeled off, thus obtaining an electric power generating 
element precursor CI. 

[0058] 

Subsequently, a positive electrode layer A2 and a negative electrode 
layer B2 that had been produced in a manner similar to the above except 
that a PTFE film whose surface was not provided with an adhesive layer 
was used were overlaid on both surfaces of this electric power generating 
element precursor C 1 such that the electrode side faced the electric power 
generating element precursor and the electrodes with the same polarity 
were arranged on the same side with respect to the electrolyte film, and 
hot-pressed for the second time at ISO'^C at 4 A MPa so as to join them. 
Thereafter, the PTFE films on both surfaces were peeled off, thus obtaining 
an electric power generating element for a fuel cell whose positive and 
negative electrodes respectively included two electrode layers. 

[0059] 

In this electric power generating element, the positive electrode and 
the negative electrode had a thickness of 140 |um in total. In addition, the 
catalyst amount was 2.0 mg/cm^ for both of the positive and negative 
electrodes since two electrode layers each having a catalyst amount of 1.0 
mg/cm^ were laminated. 
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[0060] 
(Example 2) 

An electric power generating element for a fuel cell with a structure 
similar to that shown in FIG. 2 was produced by the following procedure. 
[0061] 

The positive electrode layer Al and the negative electrode layer Bl 
of Example 1 were overlaid on both surfaces of the electric power generating 
element precursor CI of Example 1 such that the electrode side faced the 
electrolyte film, and hot-pressed at 160°C at 4.4 MPa so as to join them. 
Thereafter, the PTFE films on both surfaces were peeled off, thus obtaining 
an electric power generating element precursor C2. 

[0062] 

Next, the positive electrode layer A2 and the negative electrode layer 
B2 of Example 1 were overlaid on both surfaces of this electric power 
generating element precursor C2 such that the electrode side faced the 
electric power generating element precursor, and hot— pressed for the third 
time at 160'='C at 4.4 MPa so as to join them. Thereafter, the PTFE films on 
both surfaces were peeled off, thus obtaining an electric power generating 
element for a fuel cell whose positive and negative electrodes respectively 
included three electrode layers, 

[0063] 

In this electric power generating element, the positive electrode and 
the negative electrode had a thiclmess of 210 |jim in total. In addition, the 
catalyst amount was 3.0 mg/cm^ for both of the positive and negative 
electrodes since three electrode layers each having a catalyst amount of 1.0 
mg/cm2 were laminated. 

[0064] 
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(Example 3) 

An electric power generating element for a fuel cell with a structure 
similar to that shown in FIG. 1 was produced by the foUowing procedure, 
[0065] 

The positive electrode layer A2 and the negative electrode layer B2 
o£ Example 1 were overlaid on both surfaces of the electrolyte film of 
Example 1 such that the electrode side faced the electrolyte film, and 
hol^pressed at 160''C at 4.4 MPa so as to join them. Thereafter, the PTFE 
films on both surfaces were peeled off, thus obtaining an electric power 
generating element precursor C3. 

[0066] 

Next, a 5 \xm thick thin film formed of a mixed resin of poly aniline 
and a polyp erfluorosulfonic acid resin was prepared as an adhesive layer 
and cut into the same size as the electrodes, thus preparing a sohd 
electrolyte film D. 

[0067] 

Subsequently, this solid electrolyte film D was overlaid on both 
electrode surfaces of the electric power generating element precursor 03. 
Then, the positive electrode layer A2 and the negative electrode layer B2 of 
ExEtmple 1 further were placed thereon such that the electrode side faced 
the electric power generating element precursor, and hot-pressed for the 
second time at 160**C at 4.4 MPa so as to join them. Thereafter, the PTFE 
films on both surfaces were peeled off, thus obtaining an electric power 
generating element for a fuel cell including two electrode layers. 

[0068] 

In this electric power generating element, the positive electrode and 
the negative electrode had a thickness of 145 in total. In addition, the 
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catalyst amount was 2.0 ing/cm^ for both of the positive and negative 
electrodes since two electrode layers each having a catalyst amount of 1.0 
mg/cm2 were laminated. 
[0069] 

(Example 4) 

An electric power generating element for a fuel cell with a structure 
similar to that shown in FIG. 2 was produced by the following procedure. 
[0070] 

The sohd electrolyte film D of Example 3 was overlaid on both 
surfaces of the electric power generating element for a fuel cell produced in 
Example 3. Then, the positive electrode layer A2 and the negative 
electrode layer B2 of Example 1 further were placed thereon such that the 
electrode side faced the electric power generating element, and hot-pressed 
for the third time at 160°C at 4.4 MPa so as to join them. Thereafter, the 
PTFE films on both surfaces were peeled off, thus obtaining an electric 
power generating element for a fiiel cell including three electrode layers. 

[0071] 

In this electric power generating element, the positive electrode and 
the negative electrode had a thickness of 220 jiim in total. In addition, the 
catalyst amount was 3.0 mg/cm^ for both of the positive and negative 
electrodes since three electrode layers each having a catalyst amount of 1.0 
mg/cm^ were laminated. 

[0072] 

(Comparative Example l) 

FIG. 3 shows a schematic cross— section of an electric power 
generating element for a fuel cell according to Comparative Example 1 
including the positive electrode 1, the negative electrode 3 and the sohd 
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polymer electrolyte film 2 each having a single layer structure. This 
electric power generating element for a fuel cell was the electric power 
generating element precursor C3 produced in Example 3 used as it was as a 
electric power generating element, 
[0073] 

In this electric power generating element, the positive electrode and 
the negative electrode had a thickness of 70 \iTa in total. In addition, the 
catalyst amount was 1.0 mg/cm^ for both of the positive and negative 
electrodes since an electrode layer having a catalyst amount of 1.0 mg/cm^ 
was used with its single layer structure, 

[0074] 

(Comparative Example 2) 

FIG. 4 shows a schematic cross— section of an electric power 
generating element for a fuel cell according to Comparative Example 2 
including the positive electrode 1, the negative electrode 3 and the sohd 
polymer electrolyte film 2 each having a single layer structure. This 
electric power generating element for a fuel cell was produced in a manner 
similar to Comparative Example 1 except that a positive electrode layer 
having a catalyst carrying amount of 2.0 mg/cm^ and a thickness of 65 
and a negative electrode layer having a catalyst carrying amount of 2.0 
mg/cm^ and a thickness of 75 \xm were used. 

[0075] 

In this electric power generating element, the positive electrode and 
the negative electrode had a thickness of 130 ixm in total. In addition, the 
catalyst amount was 2.0 mg/cm^ for both of the positive and negative 
electrodes since an electrode layer having a catalyst amount of 2.0 mg/cm^ 
was used with its single layer structure. 
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[0076] 

(Comparative Example 3) 

In Comparative Example 3, an attempt was made to produce an 
electric power generating element for a fuel cell in a manner similar to 
Comparative Example 1 except that a positive electrode layer having a 
catalyst carrying amount of 3-0 mg/cm^ and a thickness of 100 \xm and a 
negative electrode layer having a catalyst carrying amount of 3.0 mg/cm^ 
and a thickaess of 115 |Lim were used. However, in the process of 
thickening the electrode layers, innumerable cracks were made on the 
surface of the electrode layers, and the electrode layers peeled off and fell off 
from the PTFE film. Thus, it was not possible to produce the electrode 
layers according to the production conditions of this Comparative Example. 

[0077] 

The electric power generating elements for a fuel cell of Examples 1 
to 4 and Comparative Examples 1 and 2 described above were incorporated 
into a single ceU for fuel cell evaluation together with gas diffusion layers 
serving also as a current collector, and evaluation tests were conducted. 
FIG. 5 shows a schematic cross-section of the single cell for fuel cell 
evaluation before combining individual components. On both sides of an 
electric power generating element for a fuel cell 5, difftision layers 6 formed 
of a carbon cloth were placed, while surrovmded by sealing materials 7 
formed of silicone rubber. Further, on both sides thereof, a positive 
electrode collector plate 8 made of stainless steel having oxygen inflow holes 
10 and a negative electrode collector plate 9 made of stainless steel having 
fuel supply holes 11 were placed. A fuel tank 12 storing a Hquid fuel 13 
was provided outside the negative electrode collector plate 9. 

[0078] 
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In the evaluation tests, oxygen in the air was used as an oxidizing 
agent, and a 15% by mass methanol aqueous solution was used as the hquid 
fuel. The single cell for fuel cell evaluation was discharged at a cell 
temperature of 25°C so as to measure the maximum output density. Table 



1 shows the results of these measurements. 
[0079] 
[Table l] 





Thickness of each 
electrode layer 
(^xm) 


Catalyst 
amount 
(mg/cm^) 


Maximum 
output density 
(mW/cm2) 


Example 1 


Positive electrode 
layer alone= 35 
Negative electrode 
layer alone* 40 
Total: 140 


2 


18.0 


Example 2 


Positive electrode 
layer alone: 35 
Negative electrode 
layer alone: 40 
Total: 210 


3 


26-0 


Example 3 


Positive electrode 

layer alone: 35 
Negative electrode 
layer alone: 40 
Total: 145 


2 


17.0 


Example 4 


Positive electrode 
layer alone: 35 
Negative electrode 
layer alone: 40 
Total: 220 


3 


26.0 


Comparative 
Example 1 


Positive electrode 
layer alone: 35 
Negative electrode 
layer alone: 40 
Total: 70 


1 


10.0 


Comparative 
Example 2 


Positive electrode 
layer alone: 65 
Negative electrode 
layer alone: 75 
Total: 130 


2 


12,0 


Comparative 
Example 3 


(N/A) 
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[0080] 

As becomes clear form Table 1, with respect to the amount in 
Comparative Example 1, Examples 1 to 4 achieved a maximxim output 
density that was increased substantially in proportion to an increase in the 
catalyst amount. This may be because each electrode layer maintained the 
porous structure and the structural flawlessness. On the other hand, 
Comparative Example 2 had a much lower maximum output density than 
Example 1 with an equal amount of catalyst. Moreover, in Comparative 
Example 3, it was not even possible to produce the electrode layers as 
described above. Consequently, it was confirmed that, in order to both 
thicken the electrode layer and achieve the porous structure and the 
structural flawlessness of the electrode layer, the layered structure and the 
layer transferring method according to the present invention were preferred 
and an electric power generating element for a fuel cell produced in such a 
manner had excellent cell characteristics. 

[0081] 

[Effects of the Invention] 

As described above, the present invention can provide an electric 
power generating element for fuel cell that can both thicken an electrode 
layer and achieve a porous structure and a structural flawlessness of the 
electrode layer, by using an electric power generating element with a 
structure in which a plurality of electrode layers that are not thicker than a 
specific thickness are laminated, 
[Brief Description of the Drawings] 

[FIG. l] A schematic cross— section of an example of an electric 
power generating element for a fiiel cell according to the present invention. 

[FIG. 2] A schematic cross— section of another example of the electric 
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power generating element for a fuel cell according to the present invention. 

[FIG, 3] A schematic cross-section of an electric power generating 
element for a fuel cell according to Comparative Example 1. 

[FIG- 4] A schematic cross-section of an electric power generating 
element for a fuel cell according to Comparative Example 2. 

[FIG. 5] A schematic cross-section of a single cell for fuel cell 
evaluation before combining individual components- 
[Description of the Reference Numerals] 
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positive electrode 


la 


positive electrode layer 


lb 


positive electrode layer 


Ic 


positive electrode layer 


2 


sohd polymer electrolyte film 


3 


negative electrode 




negative electrode layer 


3b 


negative electrode layer 


3c 


negative electrode layer 


4 


adhesive layer 


5 


electric power generating element for fuel cell 


6 


diffusion layer 


7 


sealing material 


8 


positive electrode collector plate 


9 


negative electrode collector plate 


10 


oxygen inflow hole 


11 


fuel supply hole 


12 


fuel tank 


13 


liquid fuel 
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[Document Name] ABSTRACT 
[Abstract] 

[Objective] Tb provide an electric power generating element for a 
fuel cell that can both thicken an electrode layer and achieve a porous 
structure and a structural flawlessness of the electrode layer. 

[Means for Solving the Problem] An electric power generating 
element for a fuel cell includes a positive dlectrode 1 for reducing oxygen, a 
negative electrode 3 for oxidLzdng a fuel, and a soHd electrolyte 2 provided 
between the positive electrode 1 and the negative electrode 3. The positive 
electrode 1 and the negative electrode 3 include a laminate of two or more 
electrode layers la, lb, 3a, and 3b containing a catalyst. Each of the 
electrode layers la, lb, 3a, and 3b has a thickness of 50 jim or less, and an 
adhesive layer 4 is disposed between the electrode layers la, lb, 3a, and 3b, 
It is preferable that each of the electrode layers la, lb, 3a, and 3b contains a 
polymer material similar to the polymer material contained in the adhesive 
layer 4. 

[Selected Figure] FIG. 1 
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